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(54) SIUCON SINGLE CRYSTAL WAFER AND ITS PRODUCTION 

(57)Abstract 

PURPOSE: To provide a silicon single crystal wafer having no grown-in defect 
over the entire surface. 

CONSTITUTION: When a silicon single crystal is grown by Czochralski method 
at a pulling rate of V (mm/min) with an average temperature gradient of G (° 
C/mm) in the crystal in the direction of pulling axis over a temperature range 
from the melting point of silicon and 1300° C, the value of V/G is set at 0.20- 
0.22 mm2/° C.min between the center of crystal and a position separated by 30 
mm from the outer circumference of crystal. The value of V/G is set at 0.20- 
0.22 mm2/° C.min between the position separated by 30mm from the outer 
circumference of crystal and the position on the outer circumference of crystal 
or it is increased gradually toward the outer circumference of crystal. 
Consequently, the OSF ring disappears in the center of wafer and no dislocation 
cluster is generated on the outside of the ring. 

— Q 




LEGAL STATUS 

[Date of request for examination] 20.09.1996 

[Date of sending the examiners decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 30851 46 

[Date of registration] 07.07.2000 
[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



(19)0*B«MW (JP) 02) £t PS 45 It £t (A) (U)*fHBH«»* 

#^^-330316 

(43) ^8^(1996)12^13 3 



(51) Int.a 6 
H01L 21/322 
C 3 0 B 15/22 
29/06 



5 0 2 



7202 -4G 



F I 

HO 1L 21/322 
,C 3 0 B 15/22 
29/06 



5 0 2 J 



^3f5fc »*B©*2 FD (<£ 7 K) 



(21)tHH#*f 


8rK*F7- 158458 


(71)tBSA 


000205351 










(22)ffiMH 


¥f£ 7 ^(1995)5 ^310 




msygwrtrmsw i #» 






(72)&9i# 
























(72)f£91# 


mm 








«§js« : saia:^BrA^±^Ba22oi#^ 














(74) f^! A 


fejg Tern w-i«) 



(54) BgWO£>ffr] S/yn>#tt»»>i-/N*J:r«E-©ttft»*fg 



(57) [gft] 

IBtft] ^BCCCrowrv-inXBOtttr^y :a I/SUSS* 

"TSBWc. 3l£±tfiIg£V (mm/min ) tu ^0 
3>B.**6 1 3 0 0TI*r©iSfiBHte*JW£5l*± 
tftt^OttartiftflE«l3iDTiftffl*G (Vmm) £ 
V/G«*tt»if^ffi«i*S»«-ffl*>6 3 0 
mm£rC9{i^<LOPi3Ti£0.2 0— 0.2 2mm 2 /°C • 
nrin ib, JSa^S^6 3 0mm*rO(4at*SS9fS 
{£S£(Dfi8~Ctei:0.2 0-0.2 2 mm 2 /'C • rrrin 
^l<t« B M^»^t»»^^ fl OSF 




2fl « B fl M 

# * ^ W fc£«tf 

(W>Vi>V>>V4>Vs) oSF'jy/^* 



(2) 

1 

y n x - ^T* -,-c. WWI^: ot&suc 

y > ^«j«64-r * wk»eaw^B*»f * 

WRS-rSIStC, 5l*-Ltfii®£:V (mm/min ) il, 

~> y =3 >B£*>e> i 3 o o *cs -ccfiftiSHKtewssi io 

t±tfii*:£ft©&e B H rtfig^i2©¥$ffi*G CC/m 
m) 4lT£4#. V/Gffi*$ga*'C>figiiteB B a ^Jl^ 
63 0mm£-C®ti.mit<Dffl-eiZ0.2 0~0.2 2mm 1 
/C-min 4U *SS?f®*»6 3 0 mm£-C©&g4*g 
B ^J§e^i©P5t , tJ0. 2 0 -0. 2 2 mm 1 /°C • min 

4 * w« 4 r 4 -> y =3 >? * - / ^ioft*ffi. 

[AHOIMttK'J!] 
[000 1 ] 

mmi-mm^m) *mwiz. mmwrni-momtic 20 
(wrcziSit,^) tc«fcijw^snfc^y=i> 

[0002] 

[&*©t£ffi] ¥Si*^©Sj*fcffl^6n4^y='> 

ZaiiiJg&KDilK 5^ttflS(*i©^y 3>@tig(CJI|£ 1 f| 
*» » . 531*8*** <fc ^fflfgH^EK S # 6 ttt A 

*3i#±tf*t4«:«t:9. ma-ttot/y 3 

3 *>©-?*£„ C©4#©3IS±tfiIlg. Tfctofc 30 
♦ifeaiWRSjigttji^l. 0 ~2 . 0 mm/min T'* £„ 
[0003] iC^t. C©i^^£CZ^KJ:<9Wfi£L 

fcs/y a >*i§fl9 i&Btfb&a (mixi 0 

0 0-1 2 00'CX 1-1 OB^Pe!) ^rgW/eii^lC^ y 
^ttCCftfitTSO S F 4P?{;ftt-£Kfb3titS»llKfi5£ 
£ DSC C©OSF y >y«?|^±tfilg*s 

nr*j 13 . 3hsel s 1 ©igittai, o s f y > v-frms 
a©«>i-«tc^r* j: 5tcj:b«B«jwa©5i*±tfa 

S, T^fc>%1.0~2.0 mm/min T?WRSSn/ciafjiW 40 

fi£ 9 x - / > ifim t » e> n -c t, > s . 
[0004] Lfrute&ti. cw^&jgig-cTT^sn 

fc^ y 3 A$ x - /<* (C ttSt«©»/J^RS ( tTFGr 
own-inXRSif*-r) tf#&U MOSf;W7©y-h 

fc. gfc. cn6©Grown-in^RS«l8i& ; jK:Si!i)-C^-C 

£>£C4#>6. ^^^^©SJKS^a-fe^^ccfeti-cfcrfi 

HJ6:MC&^T&fc'(F!I*tfM.Horikawa et al .Semicon SO 



^¥8-3 30 3 1 6 

2 

ductor Silicon 1994, p987) „ 

[0 00 5] &*PL S I 3?©MO SfiffiBBNgffft*?- 

©^sgif^c^o-cy- hiMbii^smtdti. v- 

X- KU^>«©lfc|fclBg|l3*Jft<a-,ft:fc2&. f'-h 
Mfb«©««ifE*#tt©in|±:fe J: Zfm& >) - *Hffi©<g 

[o o o 6 ] -e-c-e^iatcfco-c. ^i^iifilS^o.8 

mm/min feTFWCttlSfcfctflSilt'i' V 3 
J«r4*ffi3&«(#Ba3P2 - 2 6 7 1 9 5#a*fC«fc •)»* 

$n/c„ c©<t^^ctJji~{sa-c*g£L 

y 3 >msa-> x -^{cfcTiS©0: *> QtJiJMUU: 
[0 00 7] 

[ mwmk u J: 5 4 -r -6 hh ] -»k . wsjin ©?s 
s^Bcz^rtofiijgK^ffb-rfe*). ?i#±tf3ia 
&mtbxb, -e©»^»A#< -?■©/<: 

[0 00 8] ?|^±Wiig*i0.8~0.6mm/min ©4 1 

iiW^©«^K«. pa (A) K^Ti^c, ->y3> 

x -^©*S© 1 / 2 WifiK O S F y > 

f y > ^ «fc o jnw©«wctt. f- v mm<iM&&&. 

[0 00 9] U*> b . y > 0 F*3ffliJ©ISl?S-C«. t» < 
-3*>©SIB©Crown-irtXRI*SS?£-r6/c*. ^©KE^ 

^1 0 6 fl/cm 3 ©«ttr»*-r*. M3R«rtB«4# 

*6n£c©x&miiftptycs»r£sr&£©-c, 
^*stt««ccjsa o Tg^ y - ^^tt^^ft ^ its. 

[0010] g/cOSF y>yaW*. Smm-l 0m 
mga©ilBr»*L/. filO' my cm' ©iSSSTO 
SF^#tsC4A^. ^|£*(*3RT-©«Ptt. «jttf»^y 
-d»Wtt*WkS-l*4IIRH«cai. HK. C©««tc 
». '^'x-y^^:«lteSib/c^^^: 1 0" -10' cm" 3 © 

wtcss-c* o . 1250 'c©^4!iar-fc)Sg-r 4. 

o-C. OS F y >^@^^7 r ^'-f X7*D-feX^©#14?r 
^k3i±4J^HK%S„ 
[0 0 1 1 ] ^yn>m^ HB ©?l^±lfjIR : &0.6-0. 
5 mm/min CCfiT 3 tt. 01 <B) 

j:^jc osf y>^©it:a^M(c/h3<^o. 



(3) 

3 

wP&tti&c y >ytK*/cttR«K*co S F#^fc*T 
ld-2 0umtM«10 3 ffi/cm 2 flKr* 

[ooi2] s/c v cz&rwj&sn/c^y ^^MbI, 

^ x BBRTtttt** 1 - 2 X 1 0 1 8 atoms/ c 

teabtcyM-f^^ci-te^rollWfia "(fltfLtf 6 oo-i 
1 5 O-Cxft+^IH) K<fcD«*«fflaiecSC£tt± 

■ [*o o i 3 ] o s f y >yj: o rt«j©««-c"BBi«wai 

5H!(HTIG«4^5)*W6nS#, OSFV>y 

[0014] C(DJ;^C, 3l#±tf3Ig#0.8-- 0.5m 
m/min C^)^ J iiT*W^^S^t^/c^a:--/^«, OSF'J>^ 

[00 15]-^ 3l#±tfitK#0.5mm/ririn JgiT 
OS F y vy^Wi^jc-^XD^SP^BttL, 

[0016] fcl±0<fc5tc. 5tt©CZiSK:J:4>' , ;3 
>«feB<D fftftxit . ? [ £ ±tf as* o > (cunt L r t> 

[0017] **woifl«j«, £®te*>/coTW«:XR6 40 

c z ffiWRECDV y ^ >#ISfi* * - ^te 
J: ^ s^ft flHfcr & c t tc * & c 

[0018] 

tCOSF y >^cD^{4gCc^U^Ocfc ; 5^fig^* 

[0019] ra— ©aKft*wr sttai?fiE»«-ctt, o 
sf yv^ostJgsosi^i^S^ffL-r^t 



ttH¥8-3-3 0 3 1 6 

4 

<D3 I *±tf jlffiT* otfcOSF'J> ^S«I^^» 0 
*ISii03l#_Mfi8K*V (mm/min ) £ 
I, , ->|J3 e> 1 3 0 0 °C $ "COSfS^CfeW s 

m) t-$Z>t%. V/G*C*t>3tl5J:fcCCctl30SF 'J 

an-^cijao, osf y>y*ffl^<5:-r^(aacc* 

[0 02 0] l,iPl>te-frh, V/GfflOSUfflltCcfcOOS 
F y > y <D2&£{£ S £ ^JSP l> ^ 3*HfcSL^B . $e& * 

[0 02 1] tcc*aW6BKBjWPK:aaTV/ 
Gfi<Di58^©<t0^briBSL/Co #*SB<DWfr6 
-^n-etil 0 0. 2 0 0, 3 0 0. 4 0 0mm©SfiS 

&5C£*«S&&£ft5. C©lt*±©SJIH4»f 0, S 
M-ccDfi^^^y =i>©BI*<t Utv ctit±mBMnf 

Gfi*tattiLT^PB»^4^0VfcO^ia2^*& ll 

mm 2 / D C • min S^^fe^CfcC^Tfe{4 
^^^mn. V/Gffi^o.2 0mm 2 /'C • mi 

nj:0M< a itcanr «r^pb««. o s f y >y» 

(0.2 0 mm 2 /*C - min ) -C*Sj&*. ±ffittSfi*'^ 
<t^ H B B ?fS^63 Omm^t'OfigiOHtli-S (o. 
2 2 mm 2 /'C • min ) <h&0 , ^ a B a?fia^^3 0mm 

[0 0 2 3 ] Tftfr*^ *9 h !/->«Jfii?l*±W» 
****** Z<D^f&&m&&^&&®Jifa-C<DV / 
G«s&«»«(DJ:5^»ae3ti*. 5l#±tfiifl6WV 1 CD 
*OV/Gft«^#^«SL^B^««*«W* 

fee^spfir *j4»a^K3»ft d . o s f y > 
**«4«fl»firosF y <fcoT3i 

gi#±^ag^iSTTSiV/Gft«K«V a . V 



(4) 

5 

3 , v 4 , v 5 cd^mc^kju tenec^rs^B© 

[0 0 24] CCTSI^Citt, CZSJCiS^ 
^£ttSV/G**ff«ET5C:£. *BT*i«V/G*c 

tfiSKCCBBflSa < V/Gft«**— «cc;ST#0 ittSfc 

[0 0 2 5 ] V/Gft«3&««T3»Oitt4©tt, fft-Ci* 

^G^^^^^m^^^^iinT^-re/c^ic 

tec^-c SR^PB £ ft & v/G^SSt & &c i> »t>6T, 

[0 0 2 6 ] W^tCiV^Vt CDig^i^x-^><D*?fS 
BPtCO S F y > W^4L/, ^©rtffiJtt^ifc&iKBa* 

j^iiov, , v 3 &ca*t. ^*-^©a*iPi*iaaj 

■cashi (a) cctg^-r^o v*sMtc®^v 4 cctt* 
«j*w\i^&aiHtosF y>w#fe£u ^©^fffl'J 

£-T6 0 cnffll (B) tCffl^T6*jlWfi£i?*€> 0 
VWCI^V 5 &ctt£±. OS f y >^tt*'i>H(Wff 

tiBHi (O ccffl*!t*sfi»wj«-c*s. 30 

jgS*'MPr'V/G^:^R§^t;^C^0.2 0—0.2 2 m 
m 2 /'C-rnin CC^fflLTfc, *SB*£*»jfc6j1-i'l£K: 

[0 02 7 ] co<t^tc, cz^tcj:^->y r2>#*SS 

»RjEL»«v/G**#firs«:fe^toe>-r. v/g** 

[0028] L/3jpua3»6. feoistc, *ea<z>a:frGj 40 
cc*jt^-rv/G«:a^ifii*c— 3£©ffi«, **i>«#waa5 

{C<fc ot» V/G£EI 2 K H*g-C?jVr J: 9 
SiDOftSitSCim, *a>*g»* «S£oa 



W8-3 30 3 1 6 
6 

[002 9] a>f CZ 

9 Wf&S n/c^> y n >#J^S * * - ^ r* , 

Xffi (OSF) ^^x-^*^SPT7^L/c<6iIW^0 

[o o 3 o ] &it*m}<ov*-^m&J3&te. cza 

■C^y3>*»a«r1?JiW4BaK:. SI*±tf«K«:V 
(mm/min ) £U > r J 3 1 3 0 0 e C£~C 

TO«G CC/min ) £T6<!:#, V/Gffl*tt»* 
*tSt«i|S«^JB*>6 3 0 mm^TOffigiWWO. 
2 0-0.2 2 mm 2 /'C • min <h U *Sfii*Sia> £ 3 0 
mm*^OflKitt»^Hffi«i<0IB'C»0.2 0-0.2 
2mm 2 /°C-min £*TS^SL/ < ttttftJfWCCfil*^ 
ri*jwn 3 # £ C <h Sr^i* it^ B 
[0 0 3 1 ] 

[f^ffl] ^RWD-? OSF y IstftfiVx-'^ 

*^SBr«SL//c{SjSWfiS'?x--^-C*€>CD-C, OSF 
fc^Cf^OrtWJtc^TS^ffcSL^B^^as^ti. 

[0 0 3 2 ] *§fe?B<30^x-^t!JS*ft-C«. 
ai*flrV/Gfl#ll(i>ClB««0***«IiJ:5«CC 

0.2 0mm 2 /'C ■ min r— S-C*^. ±Kffitt* 
0mm*R<S5»iCto^tB» 0.2 2 mm 2 
/ - C • min 3ET*f3, $*JH*>6 3 0 mm £ rcDgP^ 

V/Gtt^SB^W^ii^W*^ 3 0 mni^iD 
fiiK±<Z>IH"C«:0.2 0— 0.2 2 mm 2 /•C-miniU 

■TBO.2'0— 0.2 2 mm 2 /°C • rnin £-r&7^b<te: 
»«^JHtcr^*or*f*»ai3li*Ci(ci:?), OSF 

y>y3&sttitt>iC«-c««i/. R-o&iiLZ^x**^* 
[0033] — jjatcteftrtoofi^rfiiaKSJiBB^^SB^ 

9 K> . ISB<D±;&£HBrt*ffiaffi^** 

Ci^6 t H«»ffiJ5P 6flSA 0 /c^jS^b s b ? I * ± 

apr<Das^iB«^*<a:4«ifii* J *s. eeo-r, 

9l*±Cfjgffir«S*OttSrt<DV/G©a^^ 
ti, *^e>^^[S]^oT(6TT^f®^*^« CCD 
Jr^ftCZ^m Ej3^SS"CV/G{i^02(D^B« 



[0 0 34] S H B H *s»Sn$titC<l^CZ^ 
MteSiu£Ccjfi<,>1gfigp©ISAS<EB. HRK-t>:&£tWH. 

t - * -** 6 (DfiMtc <t->"c, ffltt#«atw«:i(s < % 

a. MMRtcaA«nBovhs< asciuaco*. c©c 
t*>e.. iijw5?^isn«:<c>«a*wr*czjp-c ib 

B. V/G{iI«S*|S]tC— 6 I, < B£T*t*U 

z***«yiu ao*iatti.i>»rv/'Gtt4«^iB«« 
tcffas -y-ateWB. v/G«tta*iaj±«ccfcc>-cjiR 

^Ri^^e^tiSCifJftl*. •?■©*£*. OSF';> 

9tm^^u^mm\sic&mmi8iifcarc*>*) tut ■ 

[0035] J£&rt©&&«Cffit>iSa8P(C:teW£jgK£j 

ibb. iSAia^-c^-r L/ jreatfc < . h * 
(c— 5£©it&«:iir#-r s/c*k: b - if -yc r? ~-&mts 

5Ci^>. tSA& »WBaWF©9E<bK:J:-3rcZiPrt 
©*&8jtt»%&«fft*' C i (c J; -j "C . liAtcgk 

CZaKteUttt, 5lff±tffi©lf tSAMftffl 
©fi«£Ji2©^bCC«fc-3TV/Giifc3ftbU f6£-T5 
MBA««>M«A(Ci>r*»-r?Kftl-« (S3#flS) . 

[0036] fCT. IHMft£ffl©&l£*JieG©£{tCC 
WOT, V/G^je«C«c4J:5tC9|#±tfaflrv*BI 

(I5#I) . * ST* Cite J: 9. N#fflgi« 30 
K*5l>Ti^B!il(l^||4t4Ci*S5Ij|ift4. C©J: . 

fe. *S«©iffaElW8P«fie*ilBI»K:?IUB'C*i. 
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CONSTITUTION: When a silicon single crystal is grown by Czochralski 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The silicon single crystal wafer which is a silicon single crystal wafer raised by the Czochrlski method, is a low-speed 
training wafer with which the oxidation induction stacking fault generated in the shape of a ring was extinguished in the wafer core 
when thermal oxidation processing is carried out, and is characterized by eliminating the rearrangement cluster from the whole wafer 
surface. 

[Claim 2] A raising rate is set to V (mm/min) in case a silicon single crystal is raised with the Czochrlski method. When setting the 
average of inclination to G (degree C/mm) whenever [ crystal internal temperature / of the raising shaft orientations in the temperature 
requirement from the silicon melting point to 1300 degrees C ], Between a crystal center location and the location from a crystal 
periphery to 30mm, they are 0.20-0. 22mm2 / **, and min about V/G value. It carries out. Between the location from a crystal 
periphery to 30mm, and a crystal periphery location, they are 0.20-0.22mm2 / **, and min. The silicon single crystal wafer 
manufacture approach characterized by carrying out or making it increase gradually toward a crystal periphery. 

[Translation done.] 



http://ww4.ipdl.ncipi^ 2/1 3/2006 



JP,08-330316,A [DETAILED DESCRIPTION] 



Page 1 of 4 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the silicon single crystal wafer used for manufacture of a semiconductor device etc. 
especially the silicon single crystal wafer raised by the Czochrlski method (henceforth a CZ process), and its manufacture approach. 
[0002] 

[Description of the Prior Art] The silicon single crystal wafer used for manufacture of a semiconductor device is mainly manufactured 
by the CZ process. A CZ process raises a cylinder-like silicon single crystal by pulling up seed crystal, soaking seed crystal in the 
silicon melt in quartz crucible, and rotating quartz crucible and seed crystal like common knowledge, the raising rate, i.e., the single- 
crystal-growth rate, at this time — usually - 1 .0 - 2.0 mm/min it is . 

[0003] By the way, the silicon single crystal wafer raised by such CZ process may produce the oxidation induction stacking fault 
called OSF generated in the shape of a ring, when thermal oxidation processing (for example, 1000-1200 degree-Cx 1-10 hours) is 
received. This OSF ring is a high-speed raising rate, i.e., 1.0 - 2.0 mm/min, comparatively so that moving to the periphery side of a 
single crystal may be known as a raising rate becomes quick, and an OSF ring may be distributed over manufacture current [ LSI ] at 
the outermost periphery of a single crystal. The raised high-speed training wafer is used. 

[0004] However, several sorts of minute defects (a Grown-in defect is called below) exist in the silicon single crystal wafer raised at 
such a high speed, and it is becoming clear to degrade the gate oxide proof-pressure property of an MOS device. Moreover, since these 
Grown-in defects are very stable thermally, they are not extinguished in the manufacture process of a device, but remain to the active 
region near the wafer front face, and it is becoming clear not only an oxide-film proof-pressure property but to degrade a junction leak 
property (for example, M.Horikawa et al. Semiconductor Silicon 1994, p987). 

[0005] Since gate oxide was thin-film-ized in recent years with degree-of-integration increase of MOS mold quantity integrated 
semiconductor components, such as LSI, and the diffusion layer depth, such as a source drain, became shallow, the improvement in 
the withstand voltage property of gate oxide and reduction of junction leakage current are demanded strongly, but since these 
properties are inferior in the high-speed training wafer currently used for manufacture current [ LSI ], to the latest high degree of 
integration, correspondence is becoming difficult especially. 

[0006] Then, raising rates are recently 0.8 mm/min. The method of raising a silicon single crystal at the following medium speed or 
low speeds was proposed by JP,2-267195,A. However, there is a trouble on the following crystal quality also in the silicon single 
crystal wafer raised at such a medium speed - a low speed. 
[0007] 

[Problem(s) to be Solved by the Invention] Generally, even if it depends for the temperature distribution m a single crystal on the 
structure in CZ furnace and a raising rate changes, the distribution does not change a lot. Therefore, if a raising rate is changed and a 
single crystal is raised with the equipment which has the same structure, the relation of a raising rate and defective generating 
distribution as shown in drawing 1 will be seen. Although this relation will change a little if equipment differs, it does not change to an 
inclination. 

[0008] A raising rate is 0.8 - 0.6 mm/min. In being medium-speed training, as shown in this drawing (A), it generates an OSF ring near 
[ 1/2 ] the radius of a silicon single crystal wafer. Physical properties differ by the outside and the inside of a ring, and the proof- 
pressure property of gate oxide is good in the field outside an OSF ring. 

[0009] However, in the field inside a ring, since some kinds of Grown-in defects exist, the proof-pressure property is not good. The 
infrared dispersion defect which is formed during crystal training and observed by the infrared tomograph method in the state of as- 
grown especially is about 106. An individual / cm3 It generates by the consistency. Since this defect considered to be an oxygen 
sludge is very stable thermally, it does not disappear in the heat treatment process of a device, either, it remains to a device active 
region, and a junction leak property is also degraded. 

[00 1 0] Moreover, it generates by width of face of several mm - about 1 0mm, and the OSF ring itself is about 1 04. An individual / cm2 
Since OSF is included by high density, it becomes the cause of worsening, the property, for example, junction leak property, of a 
semiconductor device. Furthermore, in this field, when a wafer is heat-treated, an oxygen sludge is generated by the consistency of 
108 -109 cm-3. The nucleus of this oxygen sludge is also thermally stable, and even 1250-degree C heat treatment grows. Therefore, it 
becomes the cause by which the OSF ring itself degrades the property after a device process. 

[001 1] It is the raising rate of a silicon single crystal 0.6 - 0.5 mm/min When it is made to fall, as shown in drawing 1 (B), the diameter 
of an OSF ring becomes still smaller and OSF occurs near the core of a wafer at the shape of a ring, and discoid. Although an oxide- 
film proof-pressure property improves since the area outside a ring increases, instead, a rearrangement cluster occurs in the periphery 
section of a ring outside. For magnitude, a consistency is [ this rearrangement cluster ] about 103 at about 10-20 micrometers. An 
individual / cm2 It is extent and it is well known to become the cause by which this also degrades the property of a semiconductor 
device. 

[0012] Moreover, in the silicon single crystal wafer raised by the CZ process, an oxygen impurity is 1 - 2x101 8 atoms/cm3. It is 
contained by concentration. And it is as having mentioned above that precipitation of oxygen happens by heat treatment (for example, 
dozens of 600-1 150 degree-Cx hours) in a device process for this oxygen impurity. While this oxygen sludge is generated in a device 
active region and degrades the property of a device, it acts as a site which carries out gettering of the heavy metal contamination 
generated in a device process. 

[0013] In the field inside an OSF ring, since precipitation of oxygen happens strongly, the usual in thorin chic gettering ability 
(henceforth IG ability) is obtained, but in the field which the rearrangement cluster outside an OSF ring generates, since this 
precipitation of oxygen cannot happen easily, IG ability falls. 
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[0014] Thus, a raising rate is 0.8 - 0.5 mm/min. Since an OSF ring remains, there is nothing as the ring itself is a defective generating 
field, and a defect occurs also within and without a ring, the wafer raised with medium speed does not fit manufacture of the 
semiconductor device of a high degree of integration. 

[0015] On the other hand, raising rates are 0.5 mm/min. With the wafer raised at the following low speeds, as shown in drawing 1 (C), 
an OSF ring field disappears in the center section of the wafer, and the field which the infrared dispersion defect inside a ring . 
generates in connection with this also disappears. However, a rearrangement cluster occurs all over a wafer. It is as having mentioned 
above that generating of a rearrangement cluster causes a fall of a device property and a fall of IG ability. Therefore, a low-speed 
training wafer does not fit manufacture of a highly- integrated semiconductor device, either. 

[0016] As mentioned above, in training of the silicon single crystal by the present CZ process, however it may adjust a raising rate, a 
harmful defect will arise in a part of direction [ at least ] of the diameter of a crystal, and the wafer of a whole surface non-defect will 
not be manufactured. 

[0017] The purpose of this invention is in the thing which do not have a harmful defect over the whole surface and for which the 

silicon single crystal wafer and its manufacture approach of quality CZ process training are offered. 

[0018] 

[Means for Solving the Problem] By the way, this invention persons acquired the important following facts about the generating 
location of an OSF ring previously. 

[0019] Although the path of an OSF ring changes depending on the raising rate of a crystal and the path decreases with the fall of a 
raising rate with the crystal training equipment which has the same structure, when training equipment is different and hot zone 
structure changes, even if it is the same raising rate, the paths of an OSF ring differ. However, when setting the raising rate of a single 
crystal to V (mm/min) and setting the average of inclination to G (degree C/mm) whenever [ crystal internal temperature / of the 
raising shaft orientations in the pyrosphere from the silicon melting point to 1 300 degrees C ], the path of an OSF ring is uniquely 
determined by the ratio expressed with V/G. That is, it becomes possible by controlling V/G value to be able,to generate the location 
with an eye on an OSF ring, and to also make it disappear. 

[0020] However, even if it controls the generating location of an OSF ring by control Of V/G value, it cannot be made to disappear to 
Grown-in defects, such as an infrared dispersion defect and a rearrangement cluster. 

[0021] Then, this invention persons investigated as follows the effect of V/G value exerted on defective distribution. Temperature 
distribution in case a solid-liquid interface is in each location of 100,200,300,400mm from the shoulder of a single crystal, respectively 
were searched for in comprehensive heat transfer analysis, if the effectiveness of the temperature distribution by the convection current 
in melt is not taken into consideration in this heat transfer analysis - actually -- ** — we are anxious about a different solid-liquid 
interface configuration being acquired, and the temperature distribution in the elevated-temperature section near especially a solid- 
liquid interface in a crystal changing an actual thing and a little with these. The problem on this count has been solved, in order to 
acquire exact temperature distribution rather than it can set in the elevated-temperature section, the configuration of the solid-liquid 
interface in each above-mentioned location was further measured from the real crystal, the shaft-orientations temperature distribution 
inside a crystal were again calculated as the melting point of silicon by having made temperature on the front face of a crystal 
according the temperature in an interface to this and the above-mentioned thermal rating into boundary condition, and the direction 
distribution of a path of a shaft-orientations temperature gradient was calculated after this. The axis of abscissa was set as the direction 
location of a path, and drawing 2 showed defective distribution by setting an axis of ordinate as V/G value. 

[0022] V/G value is 0.20mm2 / **, and min so that drawing 2 may show. When it is the following, a rearrangement cluster occurs in 
the direction whole region of a path. V/G value is 0.20mm2 / **, and min. It takes for becoming large and a field changes in order of a 
defect-free field and OSF ring generating field and an infrared dispersion defective generating field. Although the minimum of a 
defect-free field is regularity (0.20mm2 / **, and min) regardless of the direction location of a path here, between a crystal center and 
the location from a crystal periphery to 30mm, an upper limit is fixed (0.22mm2 / **, and min), between the location from a crystal 
periphery to 30mm, and a crystal periphery location, is taken for approaching a crystal periphery and serves as size. And even when 
hot zone structures differ, various defects are distributed according to this drawing. 

[0023] That is, if it pulls up with hot zone structure and a rate is decided, V/G value in the direction of the diameter of a crystal which 
the training equipment has will be determined like a broken line, a raising rate — VI it is — a case — the V/G curve — an infrared 
dispersion defective generating field - crossing - a crystal — a part -- an infrared dispersion defect - being generated — an OSF ring 
generating field - crossing - a crystal - a part — an OSF ring — generating . Therefore, it pulls up and a rate is VI . An OSF ring is 
generated in the outermost periphery of a wafer, and an infrared dispersion defect produces a case in the field of the inside. When a 
raising rate falls, a V/G curve is V2, V3, V4, and V5. It moves like and the direction distribution of a path of the defect generated into 
a crystal changes. 

[0024] In that V/G which becomes defect-free in the direction whole region of a path of a single crystal in training of the silicon single 
crystal by the CZ process exists, that it is possible to abolish a defect in the direction whole region of a path of a single crystal 
depending on V/G if it puts in another way, however the conventional training, since the lower right generally serves as [ a V/G 
curve ] ** regardless of the raising rate of a single crystal, it is two points of being unable to perform supposing that it is defect-free in 
the direction whole region of a path points should be observed here. 

[0025] Although a V/G curve describes in detail that the lower right serves as ** later, the shaft-orientations temperature gradient in a 
crystal is because it is large in the periphery section as compared with a core. Namely, since G takes toward a periphery from a core 
and V increases in the fixed condition, as for a V/G curve, the lower right serves as **. Therefore, although V/G which becomes 
defect-free in the whole region of the direction of a path exists, the whole wafer surface cannot be made defect-free. 
[0026] For example, Wl An OSF ring is generated in the outermost periphery of a wafer, and an infrared dispersion defect generates 
a case in the inside. This is high-speed training of the general former. VV1 V2 [ late ] and V3 Although an OSF ring will be generated 
in the direction pars intermedia of a path of a wafer and the outside will serve as a defect-free field if it becomes, inside, an infrared 
dispersion defect occurs. This is medium-speed training and is equivalent to drawing 1 (A). V is V4 [ still later ]. Although an OSF 
ring will be generated in a wafer core and a defect-free field will remain in the outside if it becomes, a rearrangement cluster occurs in 
the outermost periphery. This is medium-speed training equivalent to drawing 1 (B). V is V5 [ still later ]. Although an OSF ring will 
disappear in a core if it becomes, a rearrangement cluster occurs all over a wafer. This is low-speed training equivalent to drawing 1 
(C). Moreover, 0.20-0. 22mm2 / **, and min from which a defect does not produce V/G in the crystal center section temporarily Even 
if it manages, in order to take for separating from the crystal center section and for V/G to fall, a rearrangement cluster is produced 
except a core. 

[0027] Thus, in training of the silicon single crystal by the CZ process, although V/G which can form a defect-free field in the 
direction whole region of a path of a single crystal exists, since the lower right is the curve of **, V/G cannot make the whole wafer 
surface defect-free. 
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[0028] However, if V/G can be made into a straight line fixed in the direction of a path, or the curve of right going up increased 
gradually in the periphery section in the direction of a path of a single crystal, generating of a defect can be prevented in the whole 
region of the direction of a path. Based on this assumption, this invention persons performed further investigation analysis. 
Consequently, it can consider as a straight line as shows V/G to drawing 2 as a continuous line depending on the structure of the hot 
zone of crystal training equipment, or the curve after the right, consequently a defect-free field is formed in the direction whole region 
of a path of a single crystal, the knowledge of manufacture of the whole surface defect-free wafer which was impossible until now 
being attained here is carried out, and it came to complete this invention. 

[0029] The silicon single crystal wafer of this invention is a silicon single crystal wafer raised by the CZ process, when it carries out 
thermal oxidation processing, it is a low-speed training wafer with which the oxidation induction stacking fault (OSF) generated in the 
shape of a ring was extinguished in the wafer core, and it is characterized by eliminating the rearrangement cluster from the whole 
wafer surface. 

[0030] Moreover, in case the wafer manufacture approach of this invention raises a silicon single crystal by the CZ process When 
setting a raising rate to V (mm/min) and setting the average of inclination to G (degree C/min) whenever [ crystal internal 
temperature / of the raising shaft orientations in the temperature requirement from the silicon melting point to 1300 degrees C ], 
Between a crystal center location and the location from a crystal periphery to 30mm, they are 0.20-0. 22mm2 / **, and min about V/G 
value. It carries out. Between the location from a crystal periphery to 30mm, and a crystal periphery location, they are 0.20-0. 22mm2 / 
**, and min. It is characterized by carrying out or making it increase gradually toward a crystal periphery. 
[0031] 

[Function] Since an OSF ring is the low-speed training wafer which disappeared in the wafer core, the wafer of this invention does not 
include the infrared dispersion defect generated in OSF and its inside. And the rearrangement cluster which should be generated 
outside is also eliminated. Therefore, it becomes the high quality wafer which does not have a harmful defect over the whole surface. 
[0032] Moreover, by the wafer manufacture approach of this invention, the temperature distribution of CZ furnace are adjusted so that 
V/G value may cross only a defect-free field in the direction of the diameter of a crystal. The lower limit of a defect- free field is 
0.20mm2 / **, and min here. A upper limit is set into the part it is fixed and excluding 30mm from a periphery, and they are 
0.22mm2 / **, and min. It is fixed and the gradual increase is carried out toward the periphery in the part from a periphery to 30mm. 
Therefore, between a crystal center location and the location from a crystal periphery to 30mm, they are 0.20-0.22mm2 / **, and min 
about V/G value, it carries out. Between the location from a crystal periphery to 30mm, and a crystal periphery location, they are 0.20- 
0.22mm2 / **, and min. By carrying out or making it increase gradually toward a crystal periphery, the low-speed training crystal 
which an OSF ring disappears in the crystal center section, and does not contain a rearrangement cluster is obtained. 
[0033] Generally the shaft-orientations temperature gradient in a crystal has the large periphery section as compared with a core. It is 
this having the exoergic section in CZ furnace below a crystal, and the heat flow rate which flowed from the solid-liquid interface 
since the upper part of a crystal and a perimeter were the low-temperature sections pulling up under a crystal, meeting a shaft, and 
flowing toward the upper part and the direction of a front face of a crystal (periphery). It is because a crystal is cooled, and the heat 
dissipation from a crystal front face is as large as the furnace at which a crystal is easy to be cooled, and the temperature gradient in 
the periphery section tends to become large. Therefore, at general CZ furnace which has the structure where crystal cooling power is 
large, the direction distribution of a path of V/G in the crystal under growth has the inclination to fall toward a periphery from a core, 
at a fixed raising rate. At such a CZ furnace, even if V/G value is in the defect-free field of drawing 2 in a core, if a periphery is 
approached, it will separate from this field, and in order to cross the field which a rearrangement cluster generates, generating of a 
rearrangement cluster is not avoided. 

[0034] However, since, as for CZ furnace at which a crystal is hard to be cooled, the direction of a heat flow rate mainly flows toward 
the upper part conversely rather than a periphery and, as for the crystal front face of the elevated-temperature section conversely near 
the melting point, temperature tends to become high relatively by radiation from melt, quartz crucible, a heater, etc., a temperature 
gradient becomes low a little rather than a core. However, in the heat dissipation from a crystal front face, for a certain reason, a 
temperature gradient does not become small without any restriction not a little. At CZ furnace which has the structure where a crystal 
is hard to be cooled, V/G value serves as an inclination which increases 1 certain or a little in the direction of a path, and does not 
increase without any restriction from this. Therefore, if such a CZ furnace is used and V/G value is made to exist in a defect-free field 
in the crystal center section, in the direction whole region of a path, it will not separate from V/G value from a defect-free field. 
Consequently, though an OSF ring is the low-speed training crystal which disappeared in the core of a crystal, the single crystal which 
a rearrangement cluster does not generate is obtained. 

[0035] The temperature gradient in the elevated-temperature section near the melting point in a crystal is not necessarily fixed in a 
crystal orientation, and it changes from the top section a little, applying it to a tail part. This is for the heat flow rate which carries out 
an inflow outflow to change to a crystal, when the thermal environment in CZ furnace changes with change of that heater power 
changes in order to maintain a fixed diameter at the time of crystal growth, crystal length, ********, etc., etc. gradually. Therefore, in 
the conventional CZ process, the defective distribution which V/G value also changes and generates it also changes with change of the 
temperature gradient of the crystal orientation accompanying increase of the amount of raising to shaft orientations every only (refer to 
drawing 3 ). 

[0036] Then, to change of the temperature gradient G of a crystal orientation, it pulls up so that V/G may become fixed, and a rate V is 
adjusted (refer to drawing 5 ). doing so - the shaft-orientations whole region - also setting — the whole surface — it becomes possible 
to suppose that it is defect-free. Thus, even if it pulls up for the purpose of defective control and controls a rate, diameter control of a 
crystal is possible as usual. That is, though it pulls up by the fixed span for every time amount for several seconds and a rate is 
fluctuated control and it of heater power, linkage, or around a target raising rate independently required for defective control, the 
average raising rate V does not change but V/G value made into the purpose are maintained. This is because generating of a defect is 
not influenced to fluctuation of the raising rate of such a short time. 
[0037] 

[Example] The example of this invention is explained below. 

[0038] In CZ furnace which can raise 18 M 6 in which quartz crucible and carbon crucible were installed" single crystal The relative 
position of the cylinder-like carbon heater and crucible which were installed in the perimeter of crucible, The distance of the tip of the 
radiation screen of 5mm in thickness, and the semicircle drill configuration of 200mm of diameters of opening and melt front face 
which consist of carbon installed in the perimeter of a training crystal, The comprehensive thermal rating examined conditions 
variously, in parts except the field from a crystal periphery to 30mm, such as heat insulator structure of the perimeter of a heater, V/G 
was almost fixed, and the above-mentioned conditions were determined so that V/G might increase in monotone toward a periphery in 
the field from a periphery to 30mm. A count result is shown in drawing 3 . 0,100— 700mm in drawing is the amount of crystal raising. 
[0039] After determining the above-mentioned conditions, 65kg of high grade polycrystalline silicon is put into 18" quartz crucible, 
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boron is doped, the heating dissolution of the polycrystalline silicon is carried out, crystal growth bearing pulls up [ a diameter ] the 
single crystal of <1 00> by 1 50mm, and rates are 0.45 mm/min. It raised to die length of 1300mm at a low speed. 
[0040] the crystal after training - a crystal orientation and parallel - 1 .5mm in thickness - starting - HF and HN03 from - 
dissolution removal of the processing distortion is carried out in the becoming mixed-acid solution, and it is further immersed into a 
rare HF solution, and the rinse was carried out and it was made to dry with ultrapure water after that After heat-treating this sample in 
800 degrees C / 4hr+1000 degrees C /, and 1 6hr desiccation oxygen, the X-ray topogrph investigated generating distribution of a 
defect. Although distribution of a defect was shown in drawing 4 , distribution of the investigated defect became a thing corresponding 
to the count result of drawing 3 as follows. In addition, the figure in drawing 4 is the die length from the shoulder of a single crystal, 
and corresponds to the amount of raising in drawing 3 . 

[0041] a ratio with the average G of the crystal orientation temperature gradient from the raising rate V and the melting point to 1300 
degrees C — in the direction of a path of a crystal, V/G is about 1 constant value from a core up to the location of 45mm, and is 
increasing in monotone toward the periphery section from the location of 45mm. In addition, the location of 45mm is 30mm in 
location from a periphery from a core. 

[0042] As a result of managing V/G in this way, in the shaft-orientations part from the crystal top to 200mm, V/G in the crystal center 
section is 0.20mm2 / **, and min. It is the following and the rearrangement cluster occurred throughout the direction of a path. If it 
applies to 500mm from 200mm, V/G in the crystal center section is 0.22-0.20mm2 / **, and min. It has become. At about 400mm, 
V/G is especially 0.22-0.20mm2 / **, and min in the field from a crystal center to 45mm. It is maintained. Since V/G increased from 
45mm in monotone in the outside field and V/G was managed by these in the defect-free field throughout the direction of a path, 
generating of the harmful Grown-in defect of others, such as an OSF ring and an infrared dispersion defect, was not seen throughout 
the direction of a path. In the part applied to a crystal tail from 500mm, V/G in the crystal center section is 0.22mm2 / **, and min. 
Since it exceeded, the OSF ring was generated and the infrared dispersion defect occurred in the inside. 

[0043] As shown in drawing 5 based on such a result next, the about 400mm [ in said example ] V/G curve was reproduced in the 
overall length of a crystal orientation. That is, V/G is 0.22-0. 20mm2 / **, and min in the field from a crystal center to 45mm. It was 
maintained, and the target raising rate in a crystal orientation was set up so that V/G might increase from 45mm in monotone in an 
outside field. Other operating conditions except a raising rate were set up like said example, and raised the single crystal of 6"B dope 
<100> and 1300mm of crystal length. Generating distribution of the defect in this crystal was investigated by the same approach as 
said example. In the overall length applied to a tail part, generating of an OSF ring, an infrared dispersion defect, and a rearrangement 
cluster was not seen from the top section. 
[0044] 

[Effect of the Invention] The silicon single crystal wafer of this invention is very stable thermally, remains or grows up to be a device 
active region, since the harmful Grown-in defect (an infrared dispersion defect, an OSF ring, rearrangement cluster) which degrades 
the dependability and the junction league property of gate oxide is not include over the whole surface, it is use for a high integrated 
semiconductor component, prevents the property degradation, and contributes it to improvement in a component manufacture yield, as 
explain above. Moreover, manufacture of CZ silicon single crystal wafer of such high quality is easily attained by the wafer 
manufacture approach of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] _ 
[Drawing 11 It is the mimetic diagram showing defective distribution of the silicon single crystal wafer raised by the CZ process. 
[Drawing 21 The graph showing relation (V/G curve) and defective distribution of both when making an axis of abscissa into the 
direction location of the diameter of a crystal, and making an axis of ordinate into V/G shows the effect the inclination of a V/G curve 
affects generating of a defect. , . Al _ 

[Drawing 31 The graph showing relation (v/G curve) and defective distribution of both when making an axis of abscissa into the 
direction location of the diameter of a crystal, and making an axis of ordinate into V/G shows the effect the level of a V/G curve 
affects generating of a defect. . 
[Drawing 41 It is the mimetic diagram showing defective distribution in a flat surface including a crystallographic axis. 
IDrawing 51 The case where generating of a defect is prevented covering a shaft-orientations overall length in the graph showing 
relation (V/G curve) and defective distribution of both when making an axis of abscissa into the direction location of the diameter of a 
crystal, and making an axis of ordinate into V/G is shown. 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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